I. Introduction
Six yeais ago a project was initiated by the Climatic Assessment Program of the Department of Transportation with the purpose of measuring trace gases in the stratosphere.
One of the major efforts was to obtain spectroscopic properties of gases that high altitude aircraft might be contributing to stratospheric pollution. The results of the investigation led to a compilation of line parameters in the infrared and microwave regions. ' The format of the parameters was similar to the standard AFGL Atmospheric Absorption Line Parameters Compilation2 of seven IR molecular absorbers in the terrestrial atmosphere (water, carbon dioxide, ozone, nitrous oxide, carbon monoxide, methane, and oxygen). That format catalogs (per transition) the resonant frequency in vacuum cm -l, the line intensity in cm/molecule at 296 K, the air-broadened halfwidth in cm-'/ atm, the lower state energy in cm-l, the upper and lower vibrational quantum numbers, rotational quantum numbers, electronic and splitting identifications if necessary to specify uniquely the transition, and the entry date, isotope, and molecule codes. The line intensities include the natural relative abundance of the species (see Table I ).
Since the first edition of the Trace Gas Compilation' in 1977, impetus has been provided by various groups, such as NASA-sponsored workshops on upper atmospheric spectroscopic measurements3 and planetary atmospheres,4 to include other gases and bands in addition to the original four gases (NO, SOa, N02, and NH3). Department of Defense, EPA, FAA, academic, and industrial problems associated with the remote detection of pollutants in the troposphere have also contributed to the enhancement of this trace constituent data base. In conjunction with the main high resolution data base,2 this second compilation has been employed for a variety of applications such as the generation of synthetic spectra,5 retrieval of atmospheric pressure, temperature, and trace gas density profiles,6 calculation of band model parameters,7 identification of species,8 etc.
No steadfast rule has been applied to the retention of lines on this trace constituent data base as has been defined for the main atmospheric compilation in terms of amount of absorption through long atmospheric paths; the main aim has been to incorporate strong bands (especially those in window regions of the atmosphere) whose parameters are determinable and to retain lines at least 1% of the strongest in that band. Table II summarizes the data presently available on the . compilation (edition of October 1980). The following discussion details the sources for the additions and modifications for this new edition.
II. Discussion of New or Updated Data
The overtone of nitric oxide (NO) has been added to this edition of the compilation.
A simultaneous least squares fit has been made to the measured frequencies of the overtone bands of Valentin et aLg using previously determined constants for the ground state. lo The eigenvectors were used to compute the line intensities, and the same halfwidths that were used for the fundamental were adopted. The pure rotational lines of sulfur dioxide (SO*) have also been added to the compilation. The frequencies and strengths have been calculated using an iterated least squares procedure on the microwave observations with a Watson-type Hamiltonian."
The only modification for nitrogen dioxide (NO*) for this edition has been a correction to the overall band intensity of the vp fundamental (the previous band intensity on the 1977 edition was low by a factor of 10).
The us fundamental of ammonia (NHs) has been recalculated. The estimation of uncertainties of the line intensities is f20% and of the line positions ,<O.OOl cm-'. This band has been identified as 2NU9 on the compilation although some of the lines belong to the ~5 bandlg; thk assignments will be distinguished in a future compilation.
The portion of the 7.5~nm band measured in the laboratory by Fontanella The us band parameters have been provided by Bair and Brockman. 22 The uncertainty in absolute line positions varies from -0.005 cm-l near reference lines to their diode laser measurements to -0.010 cm-' at maximum distance from reference lines. The uncertainty in the line intensities of this band is estimated to be f20%, primarily due to uncertainties in sample pressure and diode laser bandwidth.
The line parameters for the X211 -X*II (1,0) bands of the hydroxyl radical (OH) have been generated and discussed in two recent publications.2s
In these papers, the energy levels and transition frequencies were calculated by numerically diagonalizing the Hamiltonian. The line strengths were calculated using the dipole matrix and eigenvectors derived from the energy matrix. The transition frequencies in the present compilation generally agree with the available observed data24 to better than 0.005 cm-'. Relative intensities have been estimated to be accurate to -2%, while the absolute intensities are accurate to -15%.
The total band intensity used for this band is 1.73 X 10's cm/molecule or 42.9 cme2/atm at 296 K. Detailed reliable halfwidths for this band are not available at this time. However, a halfwidth has been reported for the sII:l,s, J = 7'j microwave transition in OH-N2 and OH-02 mixtures at room temperature.2s
Accordingly, for the current application a value of 0.083 cm-'/atm has been assumed.
The hydrogen halides on the compilation (HF, HCl, HBr, and HI) are among the most thoroughly investigated diatomic molecules, both in terms of frequencies as well as intensities.
As a group the frequencies for all the bands reported are known to better than fO.O1 and, for most lines, to an accuracy of a few thousandths of a reciprocal centimeter.
The existing intensity data, which include measurements in the pure rotational, the fundamental, and the first four overtone bands for all the molecules, have been reviewed recently,26 and the reader is referred to this article for references to the original data. From this extensive set of experimental information together with sophisticated theoretical long range ab in&io dipole moment calculations, one can deduce accurate dipole moment functions from which the transition line strengths can be calculated.z6 The estimated uncertainties will be given for individual bands below, but all are zIz~S'O or better. The greatest uncertainties associated with the hydrogen halide data are the corresponding halfwidths.
For the most part, no air-broadened linewidths have been reported; as a result one has to rely on Nz-broadened widths (scaled as T-If2 if necessary to the standmd 296 K) on scaling of rare gas-broadened widths or on extrapolation of trends among the various hydrogen halides. As a consequence, these are typically uncertain by *30%. More precise estimates of the various uncertainties of the parameters are given in Table III for the individual molecular bands.
The frequencies for the chlorine monoxide (ClO) infrared fundamentals were obtained from the comprehensive collection of data on this molecule given by Coxon.s8 Coxon has carefully merged results from the UV, IR, and microwave to achieve a single set of molecular constants which accurately reproduce the observed frequencies.
In particular, the rotation constants used for the u = 0 and 1 states were obtained from the microwave measurements of Kakar et al. 39 and Amano and Hirota.4o These are in agreement with the results obtained with tunable diode lasers. 41 The rms deviation of the fit to the observed spectrum is 0.0037 cm-l, and this may be taken as a good indication of the uncertainty in the line positions. The A splitting of the 2111,2 transition is resolvable (-0.02 cm-l) and is indicated on the compilation.
The nuclear hyperfine structure is negligible relative to the Doppler width in the IR.
The line intensities are obtained from a merging of the data of Rogowski et ul. 41 and Margolis et ul. 42 Both sets of data refer to measurements made with tunable diode lasers and are in agreement with each other within experimental error. The band intensity used is 9.74 cm-*/atm.
The uncertainty in the line intensities is due partly to the difficulty in measuring Cl0 abundance, which is not measured directly but is determined by measuring the concentrations of the gases used to produce it. This may be done with good accuracy, but after it is produced the Cl0 decays as it proceeds down the reaction tube. The uncertainty in the Cl0 absorption intensities should be taken to be ~&15%. The strength of the II~/z and II3/2 bands appears to be the same provided that the Boltzmann factor is included and the intensities are distributed to the A doubling components.
The pressure-broadening coefficients have not been measured in the IR. However, measurements of the Nz-broadening coefficient for a few lines at millimeter wavelengths have been made.43 These are for the J = 9 I2 -11/2 (204-GHz) and the ':yg -Is/2 (27%GHz) lines. The broadening for both lines is essentially the same. A constant value of 0.085 cm-l/atm has been chosen for the compilation.
If the temperature dependence is assumed to be of the form Tmx, then x has been measured to be x = 0.75 & 0.2 (Ref. 43) .
The ~1 and Q bands of carbonyl sulfide (OCS) are included in this edition. The frequencies of the ul lines between 818 and 890 cm-l were obtained from heterodyne measurements reported in Ref. 44 . The ~1 frequencies are accurate to within the round-off error which is *O.OOOl cm-l for J values smaller than J = 82. The uncertainty increases to ~tO.0002 cm-* for the higher J values. The frequencies of the u:< lines between 2016 and 2088 cm-l were taken from Fourier transform measurements given in Ref. 45 and are estimated to be accurate to within *O.OOOl cm-l over most of the band but somewhat less accurate for the higher rotational transitions (beyond J = 70).
The line intensities for these two OCS bands are estimated to be accurate to within ~tl5%1 for the stronger low J transitions, but the intensities of the high J transitions have a much larger uncertainty due to the lack of published data on the rotational dependence of the intensities for these bands. The intensity for the ui band was calculated assuming a dipole transition moment of 0.0632 D with no rotational dependence. This is equivalent to an integrated intensity of 35.2 cmd2/atm for all isotopes and all hot bands. This represents a compromise for the various values given by Refs. 46-48. Similarly, the ~3 transition intensities were calculated assuming a transition moment of 0.343 D (equivalent to an integrated intensity of 2500 cme2/atm for all isotopes and all hot bands). This is a compromise for the various values given in Refs. [47] [48] [49] .
The atmospheric pressure-broadening values are estimates based on the similarity to other molecules, and the values given on the compilation may differ from the true values by as much as 40%.
The Table II gives the band centers of the seven H&O bands and the sums of the observed intensities for ~1 and vs. The sum in the second column is not given for the other bands because too few transitions have been included.
The summations should give a good indication of the total band intensities of the H&O fundamentals.
However, as discussed in Ref. 51 , extensive Coriolis and Fermi interaction preclude the use of these totals to predict good (5%) individual line intensities with an isolated band vibration-rotation model. Sometimes two or more transitions have been assigned to one observed absorption. For this trace gas compilation, each component of these multiplets has been listed with the total observed strength of the absorption rather than apportioning the strength between assignments. In general, stratospheric abundances of H&O should not be determined from multiplets if the lower states are much different.
As with many molecules, there are no experimental measurements of the air-broadened width of H&O. However, using a measurement of ~H~co-N~ for one microwave transition, 31s .-3is, Tejwani and Yeung55 have calculated an intensity-weighted average o&r&o+jr of 0.1074 cm-l/atm at 300 K and 0.1467 cm-l/atm at 200 K. These authors have also extended their calculations to predict the value of o!HzCo-air for many transitions and have indicated that the air-broadening parameters will vary from 0.104 to 0.150 cm-l/atm, depending on J, K, and band. However, since these computations are based on such limited experimental data, the averaged value of 0.107 cm-l/atm has been used for all H&O transitions included in this edition. Users concerned that the average value introduces too great an error for their applications should consult Ref.
56.
Ill.
Concluding Remarks
The compilation can be obtained on a magnetic tape from the National Climatic Center of NOAA, Environmental Data Service/Digital Product Section, Federal Building, Asheville, N.C. 28801. The data are frequency ordered and are written in records of 321 ten-character words. The initial control word indicates the number of card images to follow. Thus the tape may be decoded according to the format 110,40 (F10.4, E10.3, F5.3, FlO.3,2A8, A9, AlO, 13,14, 13).57 There are now 33737 transitions on this edition plus 80 comments. It should be noted that, in cases where lines were incompletely identified but whose intensity was determined at 296 K, a minus one (-1) has been assigned to the lower state energy to provide a discretionary flag to the user.
Work is continuing toward the addition of significant species, bands, isotopes, and toward the improvement of the data already contained on the compilation. In particular, new improved measurements have recently appeared in the literature on vibration-rotation bands of NO, SO2, NOs, NHs, and HNOs as well as theoretical efforts for pure rotational transitions for numerous atmospheric gases. These are being incorporated into the compilation and will appear in a future update. It should be emphasized that more measurements of intensities and halfwidths are clearly needed as can be seen by the confidence limits placed on these parameters in the above discussion. This is especially true for gases being used for temperature retrieval efforts. 
